animals dehydrated for 1, 3, 5, 7 and 9 days were observed with the transmission electron microscope.
Neurosecretory granules were markedly decreased after dehydration and reached the minimum number at 5 days. Small vesicles in the terminals may be classified into two types: one is aggregated vesicles about 53nm in diameter and the other is dispersed vesicles 66nm in diameter.
The former vesicles are seen in the normal terminals and slightly decreased in number after dehydration, while the latter are hardly seen in normal pituitaries but increase enormously due to dehydration at 3 days and thereafter. It may be conjectured that the former are the real synaptic vesicles probably containing acetylcholine, while the latter are the fragments of limiting membranes of the neurosecretory granules. Release mechanism of neurosecretory substance from the secretory nerve terminals in the posterior pituitary has been repeatedly studied and discussed. The secretory substances synthesized in neurons in either the supraoptic or paraventricular nucleus are packed in spherical vacuoles about 200nm in diameter, which are called neurosecretory granules. NAGASAWA et al. (1970) argued that the neurosecretory granules might be released by the mechanism known as exocytosis, but many other researchers (HARTMANN, 1958; KOBAYASHI and OOTA, 1964; KUROSUMI, 1971) considered that the secretory substance might be permeated through both the limiting membrane of granules and the plasma membrane of the nerve terminals.
There are a large number of small vesicles in the secretory nerve terminals. The significance of such small vesicles has been debated. From the morphological similarity of these vesicles to those of the normal cholinergic nerve endings, they have been called "synaptic vesicles" and suggested to contain acetylcholine or some other neurotransmitter substance, which presumably alter the permeability of membranes in order to facilitate hormone release (KOBAYASHI and OOTA, 1964) . It has been known that these vesicles increase in number, as the animals are dehydrated (KUROSUMI, 1971; KODAMA and FUJITA, 1975) . Therefore, the vesicles are thought to be produced at least in connection with the release of neurosecretory substance, as they are formed by micropinocytosis (NAGASAWA et al., 1970) or fragmentation of the 225 limiting membrane of secretory granules after the release of content (KUROSUMI, 1971; KODAMA and FUJITA, 1975) .
Through the present observation of the posterior pituitaries of dehydrated rats, the author noticed the presence of two types of small vesicles in the pituitary neurosecretory terminals, and conjectured that one is the real synaptic vesicles but the other is fragments of emptied sacs of neurosecretory granules. Related morphological changes occurring in the neurosecretory axons and terminalis after dehydration will be described.
Materials and Methods
Adult male rats of Wistar strain were used for experiments. They were divided into two groups, one was normal control and the other was deprived of drinking water for 1, 3, 5, 7 and 9 days. As formerly reported by the author (KUROSUMI et al., 1961 (KUROSUMI et al., , 1964 KUROSUMI, 1971 clear space is left between the membrane and the granule content, which is highly variable in electron density ( Fig. 1-4 ). Most granules are very dense but some are either vacuously clear or in a medium grade of electron density (Fig. 3 ). There is a tendency to grow in size as the granule content becomes less dense. The diameters of neurosecretory granules of various densities measured as follows: less dense 23.5nm. They were significantly different (p<0.001) from each other. Small vesicles about 50nm in diameter are contained in the secretory terminals. They are often aggregated to from clusters of a large number of vesicles, either situated at the central portion of the nerve terminals (Fig. 1) or attached to the inner surface of their plasma membrane (Fig. 2, 3) . At the attaching point of a cluster of vesicles to the plasma membrane, slightly denser material is accumulated as if it Earlier than that, however, a prompt increase of the hormone in peripheral blood may be caused by the release of the neurohormone stored in the nerve terminals of the posterior pituitary. In normal control animals the ratio of the area occupied by neurosecretory granules to the total area of nerve fibers and terminals is about 30%, but it decreases to Neurosecretory granules (NS) vary remarkably in electron density from very dense granules to almost empty vesicles.
Many vesicles are seen with secretory substance 26% within 24hr of dehydration, becoming 20% at 3 days and reaches the minimum value that is about 2% at 5 days (Table 1 and Fig. 5 ).
b) Small vesicles
As described above, the normal neurosecretory terminals contain aggregations of small vesicles.
In the state of dehydration, these vesicles decrease in number, and thus the area occupied by their aggregations are decreased from the control value of 9.5% to the minimum value of 3.2% in 5 and 7 days (Table 1 and Fig. 5 ).
On the other hand, another type of small vesicles appears in the terminals, from which the neurosecretory granules have almost comletely disappeared. They are called dispersed vesicles, because they are not so densely gathered in striking contrast to the aggregated vesicles, but are sparsely distributed throughout the nerve terminals (Fig. 4, 6 ). In some axons and terminals, the dispersed vesicles are intermingled with small dense particles about 25nm in diameter suggestive of glycogen particles (Fig. 7) . Straight or curved double membranes of various length are observed, which Table 1 . Percent areas of cell organelles and inclusions in the neurosecretory terminals to their total areas at various stages of dehydration Fig. 5 . Time course changes of percent areas of neurosecretory granules (NS), aggregated vesicles (AV) and dispersed vesicles (DV) found in the secretory nerve terminals after dehydration. Nerve terminals are filled with many dispersed vesicles (DV) and contain a few straight or curved double membranes (arrows), which are probably flattened sacs derived either from the endoplasmic reticulum or empty neuro- Fig. 7 . Nerve terminals of a rat dehydrated for 3 days. Only a few neurosecretory granules are retained.
Not only granule-containing terminals but also some terminals without granules contain aggregated small vesicles (AV). Some other terminals, however, contain dispersed vesicles (DV) mixed with a few very dense glycogen particles.
It is clear that the size of dispersed vesicles is slightly larger than that of aggregated vesicles.
A straight double membrane probably of an are probably brought about by extreme flattening of cisternae of the endoplasmic reticulum or emptied envelopes of neurosecretory granules after release of content due to dehydration (Fig. 6, 7 ). Mitochondria and lysosomes are often observed in the terminals filled with small dispersed vesicles. Aggregated vesicles and dispersed vesicles are usually found in different terminals, though they are situated in juxtaposition (Fig. 7) . In a lower frequency of occurrence, however, both types of small vesicles appear in the same terminal.
The size of vesicles belonging to these two types are slightly different from each other (Fig. 8) . The measurement of diameters of small vesicles found in the terminals at 3 days of dehydration indicates the following results: the size of aggregated vesicles is nificantly different (p<0.001). Dispersed vesicles are almost absent in the axons and terminals of the normal posterior pituitary, but they occur in high frequency after dehydration during 3 to 9 days of experiment.
The relationship between the neurosecretory granules and dispersed vesicles in the course of dehydration is in inverse proportion.
The aggregated vesicles also decrease due to dehydration but this change is slight as compared to that of neurosecretory granules and dispersed vesicles (Table 1 and Fig. 5 ). It seems likely that the aggregated and dispersed vesicles are quite different in nature, the latter being related to the neurosecretory granules.
c) Terminal reticulum
In the posterior pituitaries of the rats dehydrated for 3 days or more, one can find nerve terminals containing a peculiar reticulum (Fig. 9-11 ). This structure consists of irregularly branching and anastomosing tubules, and is practically absent in the control pituitaries (0.1% in area). They are still small in both number and dimension shortly after the onset of dehydration, but in the later stage of experiment, for example 7 and 9 days, as much as 13.5% of the total area of the nervous elements in the posterior pituitary becomes occupied by the structure (Table 1 and Fig. 12) . Some large empty vacuoles occur in the nerve terminals which contain the reticulum (Fig. 9-11 ) and also mitochondria and lysosomes. Decrease of dispersed vesicles after the peak is in reverse proportion to the increase of terminal reticulum. Mitochondria show almost no change.
In a relatively early stage of dehydration, that is 3 days, intermingling of dispersed vesicles and the reticulum is observed (Fig. 10). while that of microtubules (neurotubules) running parallel to the long axis of the 0.001) (Fig. 11) . At the stage of dehydration when the percent area of the dispersed vesicles decreases (7 and 9 days), the terminal reticulum increases markedly (Fig. 12) . This inverse proportion between the dispersed vesicles and terminal reticulum suggests the possible significance of this peculiar reticulum in the altered nerve terminals. The beaded appearance of some parts of the tubules forming the reticulum as well as the continuity between these tubules and vesicles may suggest formation of the reticulum through the coalescence of aligned vesicles.
d) Lysosomes in the neurosecretory terminals
Most axons and terminals changed in structure due to dehydration contain more or less lysosomes. Strongly altered nerve fibers contain a large number of them, but retain neither neurosecretory granules nor small vesicles (Fig. 13) . In some nerve terminals filled with vesicles and/or reticular tubules, accumulation of a dark substance within the tubules or vesicles was observed (Fig. 14) . This may be lysosomal substance.
In the terminal containing many dispersed vesicles some lysosomes include the vesicles (Fig. 15) . These features indicate the digestion of vesicles and tubules by the hydrolytic enzymes derived from the lysosomes.
Morphometric examinations of percent area of lysosomes to the total area of the nerve terminals indicated that the lysosomes in terminals filled with reticular tubules are larger than in those with vesicles, and the lysosomes increase in volume as the Fig. 14. Nerve terminals in the neurohypophysis of a 9 day-dehydrated rat. They contain abundant vesicles and tubules which are either empty or contain a dark substance frequently seen as cores. Such a dark substance may be something Fig. 15 . A nerve terminal of a 9 daydehydrated rat hypophysis. Small dispersed vesicles fill the cytoplasm evenly and are closely packed in some dense bodies encircled with myelin figures. These bizarre dense bodies including many vesicles are thought to be a kind dehydration period was prolonged: the lysosome area in the terminals with vesicles at 7 days was 4.2%, while it increased up to 11.5% in the terminals with reticulum at 9 days (Table 2) . Release mechanism of neurosecretory substance
The mechanism of release of neurosecretory substance from the granules situated in the secretory nerve terminals has been a problem of vital discussions among electron microscopists in the field of endocrinology.
In the early days of electron microscopic cytology, almost all the specimens were singly fixed with osmium. The results of these studies always showed numerous empty vacuoles whose diameter was almost the same as that of neurosecretory granules, and the authors thought that neurosecretory substances might be released by a mechanism called either molecular permeation (HARTMANN, 1958) or diacrine secretion (KUROSUMI et al. 1961 (KUROSUMI et al. , 1964 . Later, however, the vacuolization of neurosecretory granules came to be ascribed to the artifact caused by the single osmium fixation (KODAMA and FUJITA, 1975) , because empty vacuoles derived from neurosecretory granules were very few in number after fixation of glutaraldehyde and osmium, either successive or mixed (KUROSUMI 1971; KODAMA and FUJITA, 1975) .
As shown in the results of this study, however, various steps of electron density of the internal substance of neurosecretory granules were observed, though the specimens were prepared by the successive double fixation with glutaraldehyde and osmium tetroxide.
Clear empty-like vacuoles are very few, but they do exist normally as well as after a short period of dehydration. Medium dense granules were relatively ample in number and intermingled with very dense granules.
There is a tendency of hydration and disintegration of the secretory substances which consist of carrier proteins (neurophysine) and oligopeptide hormones (vasopressin and oxytocin). Just before the extrusion, peptide hormones may be separated from the carrier proteins, and this chemical change may presumably reflect the morphological variabilities of neurosecretory granules, that is a decrease in electron density and increase in size. NAGASAWA et al. (1970) found figures of opening of the sac surrounding a neurosecretory granule, which was suggestive of the release mechanism of posterior lobe Table. 2. Percent areas of lysosomes in the neurosecretory terminals to their total areas at various conditions hormones by exocytosis. Some other authors found exocytosis in this organ using either ultrathin sectioning (KRISCH et al., 1972) , or the freeze-replica method (DAIKOKU et al., 1973) , but the frequency of occurrence of such features suggesting the exocytosis was very low (KRISCH et al., 1972) . The experimental condition of NAGASAWA and his collaborators was highly artificial, i. e., in vitro experiment with electrical or ion stimulation. As no figure of exocytosis was observed in our materials, the author still argues that the physiological method of release of neurosecretory material in the neurohypophysis is by diacrine secretion. The presence of various steps of electron density of neurosecretory granules even after glutaraldehyde fixation followed by postfixation with osmium tetroxide supports the view of diacrine secretion as the main release mechanism of neurosecretory granules. It was strange that KODAMA and FUJITA (1975) The previous paper by author (KUROSUMI, 1971) , reported a new finding of flattened sacs probably derived from the empty sacs of neurosecretory granules, that strongly supported the view that the secretory substance exudes leaving the envelopes, which later become flattened.
In the present study also such flattened sacs were observed.
Though a few of them may be flattened cisternae of the endoplasmic reticulum, most are undoubtedly derived from the emptied sacs of neurosecretory granules. (PALAY, 1957; BARGMANN et al., 1957; HARTMANN, 1958; GERSCHENFELD et al., 1960; HOLMES and KNOWLES, 1960) . The size and mode of clumping of these small vesicles in the neurosecretory terminals closely resemble the true synaptic vesicles. From this morphological similarity, the so-called synaptic vesicles were conjectured to contain acetylcholine (KOELLE, 1961) . The release of such a neurotransmitter from the small vesicles was postulated to trigger in turn neurohormone release from the neurosecretory axons (KOBAYASHI et al., 1961) . It was proposed that the acetylcholine liberated might affect the permeability of the neurosecretory granule membrane to permit neurohormones to penetrate through it, and that also acetylcholine, presumably present in the vesicles clustered in contact with the cell membrane of neurosecretory terminals which abut on the capillary walls, might be released and change the permeability of the cell membrane near the clusters, thus facilitating the transfer of neurohormones through the cell membrane (KOBAYASHI and OOTA, 1964) . On the other hand, HOLMES and KNOWLES (1960) suspected this concept, and the arising of vesicles from neurosecretory granules was suggested by LEDERIS (1964) and HERLANT (1967) . VOLLRATH (1969) ascribed the origin of small vesicles to the dilatation of neurotubules.
In the previous paper, the author (KUROSUMI, 1971) reported an increase in number of small vesicles along with the occurrence of flattened empty sacs in the secretory nerve terminals of dehydrated rats. The author considered that the small vesicles might arise by fragmentation of emptied sacs of neurosecretory granules, most of which became flattened just after the release of their content.
As mentioned above, the view of NAGASAWA et al. (1970) In the case of HAMA and SAITO (1974), they described the fate of pinocytotic vesicles or tubular networks to be dissolved away by lysosomes.
In the neurosecretory terminals a large number of small vesicles either formed by fragmentation of secretory granule sacs or micropinocytosis (as argued by NAGASAWA et al., 1970 NAGASAWA et al., , 1971 are directly destroyed by lysosomes in many cases, but in the case when the formation of small vesicles is exaggerated enormously, the vesicles transiently form the reticulum which is thought in turn to be digested and dissolved by the lysosomal enzyme. Accumulation of dark lysosomal substance in the cavity of the terminal reticulum were observed in this study, and this finding coincides fundamentally with the cytochemical observation by WHITAKER and LA BELLA (1972) . Furthermore, the morphometric data of the present study indicate that the lysosomes in the terminals with reticular tubules are larger in volume than those in the terminals containing only vesicles.
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